FIGuRe 1 | Case 1. Diffuse enlargement and enhancement of muscle bellies and anterior tendinous insertions of bilateral extraocular muscle on coronal and axial T2 (a,B) and fat suppressed post contrast T1 (C,D) orbital images. Involvement of the tendons and lateral rectus muscle makes Graves' orbitopathy less likely. Additional findings, which favored the diagnosis of sarcoidosis included nodular leptomeningeal enhancement (F,G) with thickening of the pituitary stalk (e). with orbitopathy suspicious for Graves' , they need to be aware of other conditions that may mimic Graves' orbitopathy. Some of these disorders are sarcoidosis, lymphoma, orbital pseudotumor, and orbital malignancy. We present three cases of orbitopathy referred to our Endocrine clinic for suspected TAO and a review of literature on the differential diagnosis of the same.
Case 1
A female aged 40-50 years presented with a 2-month history of intermittent headaches, heat intolerance, fatigue, right facial numbness, double vision, and periorbital swelling. On exam, she had mild thyromegaly with a nodular texture and no palpable cervical adenopathy. Eye exam showed proptosis, periorbital edema, and diplopia. TSH was 5.11 μIU/ml (0.450-4.500 μIU/ml) with a normal free T4 0.88 ng/dl (0.82-1.77 ng/dl). Thyroid peroxidase (TPO) antibodies were elevated at 356 IU/ml (0-34 IU/ml). TSH receptor antibodies (TRAb) were 0.51 IU/L (0.00-1.75 IU/L) and Thyroid stimulating immunoglobulin (TSI) 51% (0-139%).
Thyroid ultrasound showed a multinodular goiter with right thyroid lobe enlargement. CT scan of the orbits showed bilateral asymmetric enlargement of extraocular muscles (EOMs) with suspicion for Graves' orbitopathy. MRI of the orbits confirmed EOM enlargement; largest in bilateral lateral rectus, left medial rectus, and left inferior rectus. Closer review of MRI images also showed lacrimal gland enlargement, leptomeningeal enhancement of the surface of the brain and spinal canal, and thickened infundibulum raising concern for sarcoidosis ( Figure 1 ). Subsequently, a 1 cm right thyroid nodule was biopsied showing granulomatous changes consistent with sarcoidosis. During the course of her followup, she also developed complete heart block and required pacemaker placement. Patient was started on prednisone 20 mg daily with marked improvement in her visual symptoms. Repeat MRI of the brain after steroids showed marked improvement in size of EOMs, lacrimal glands, and leptomeningeal disease. Repeat thyroid ultrasound showed decrease in the size of the goiter with no discrete nodularity, microcalcifications, or other concerning features. This patient had orbital, neurologic, and cardiac involvement with sarcoidosis. She had no pulmonary nodules or mediastinal findings on further imaging.
Case 2
A male aged 50-60 years was referred with left eye proptosis progressively getting worse for 2 months. He denied visual changes, headache, eye pain, fatigue, diaphoresis, palpitations, tremor, or weight changes. Visual field testing was normal. Exophthalmos was noted in the left eye with forward displacement of 21 mm compared to 17 mm on the right. MRI of the brain and orbits showed an enhancing circumscribed mass within the superior aspect of the left orbit measuring 4.2 cm in greatest dimension with thickening of the anterior tendinous portion of superior rectus. The globe was displaced inferiorly and laterally. The lacrimal glands showed no enlargement (Figure 2 ). Also noted incidentally was a right sided pituitary macroadenoma measuring 17 mm × 21 mm and extending to the right cavernous sinus with left shift of the pituitary infundibulum but no significant compression of optic chiasm. Differentials for the extraocular muscle involvement were felt to be orbital pseudotumor, unusual asymmetric enlarged muscle in Graves' disease or an infiltrative tumor involving the muscle. Biochemical evaluation for thyroid and pituitary was within normal range. Subsequently, the patient underwent transsphenoidal resection of non-secretory pituitary macroadenoma. He continued to have left eye proptosis and was given empiric steroid taper with temporary resolution of proptosis and decrease in muscle swelling on MRI. However, symptoms recurred when steroids were tapered. Fine needle aspiration (FNA) of left levator palpebrae muscle was performed twice and was negative for malignancy. Due to continued symptoms, patient underwent left lateral orbitotomy with bone removal and biopsy of the lesion. Biopsy showed CD10-positive B-cell lymphoma. This was an indolent follicular/marginal zone lymphoma involving the superior rectus muscle. Patient received radiation therapy with improvement in symptoms. 
Case 3
A male aged 50-60 years was referred with right eye proptosis and double vision of 1-year duration. His only symptom was fatigue. No thyromegaly was noted. He had diplopia on both vertical and horizontal gaze. Exophthalmos was noted, 25 mm on right and 20 mm on left. Biochemical work-up showed a TSH of 149 μIU/ml. TSI and TSH receptor antibodies were negative, but TPO antibodies were positive. Given biochemical confirmation of hypothyroidism, patient was started on levothyroxine. An MRI was obtained for evaluation of orbital disease and it showed mild diffuse mid-belly enlargement and T2 hyperintensity of EOMs bilaterally. There was moderate enlargement of the right inferior rectus muscle (Figure 3 ). His imaging findings were concerning for TAO because of involvement of the right inferior rectus muscle and diffusely hazy orbital fat. Focal sparing of the tendon of the inferior rectus further supported this. He was started on steroid eye drops followed by oral steroids. Orbital swelling improves while on steroids but recurs when the dose is tapered. FNA of inferior rectus was performed while patient was on steroids. The specimen was small and inconclusive and showed mild inflammation only.
DIsCussIoN
Graves' orbitopathy has an incidence rate of 16 women and 3 men per 100,000 (7). It occasionally occurs in euthyroid or hypothyroid patients with chronic thyroiditis. The 5% of patients with Graves' orbitopathy who are euthyroid or hypothyroid generally have low titers of TRAbs, which are difficult to detect in some assays (3, 7) . It may occur in a small percentage of patients with Hashimoto's thyroiditis as well (6, 8) . Most speculated mechanism causing Graves' orbitopathy is that autoantibodies are formed against thyrotropin receptors that are found in both the thyroid gland and orbit. This causes activation of T lymphocytes with subsequent release of inflammatory mediators (9) . The muscles are infiltrated with inflammatory cells and hyaluron causing enlargement of the EOMs and an increase in the orbital fat volume (10) . Ultimately, collagen deposition leads to fibrosis. The involvement is frequently bilateral and symmetric (11) . Patients with Graves' Orbitopathy pose few diagnostic difficulties when ocular findings occur concomitantly with the thyroid disease. But unilateral or inconclusive ocular features in the absence of objective evidence of thyroid dysfunction need pursuance of alternate etiologies (12) . We aim to discuss some conditions that mimic TAO and our cases provide examples of the potential pitfalls in delineating TAO from these other conditions.
DIaGNostIC DIFFICuLtIes
Clinically eyelid retraction, proptosis, chemosis, restrictive ophthalmopathy with diplopia, and in worst cases, compressive optic neuropathy are seen with TAO (1). Radiographically extraocular muscle enlargement sparing the tendons is seen (4). Extraocular muscle involvement is frequently bilateral with more than one muscle group involved and with regular borders. However, none of these features are specific. Other etiologies should be considered when the presentation is atypical. These other conditions could be inflammatory, neoplastic, infectious, vascular, or neuromuscular ( Table 1) . Often, autoimmune thyroiditis may also occur in conjunction with other systemic autoimmune conditions like sarcoidosis, Sjogren's disease, systemic sclerosis, systemic lupus erythematosus (SLE), and rheumatoid arthritis, which may further complicate the diagnosis (13) . Clinically, time of onset of symptoms and disease progression might provide some clue to alternate diagnosis. Orbital cellulitis is acute and rapidly progressive. Orbital myositis from systemic causes may be subacute in onset over days or weeks and may be associated with pain. Neoplastic involvement may be painless and restrictive and occur more gradually over weeks or months. It also may present as mass effect. Very often orbital biopsy has to be offered to confirm a diagnosis and properly tailor the treatment plan in these cases (12) .
specific orbital Inflammation and Myositis
This is a less common cause of orbitopathy accounting for ~5% cases compared to non-specific inflammation, which accounts for about 40% cases in a reported study (12) . It occurs from systemic inflammatory causes like sarcoidosis, SLE, Crohn's disease, or scleroderma. Our first patient presented with this etiology. Sarcoidosis is a multisystem granulomatous disease characterized histologically by non-caseating epithelioid-cell granulomas in affected tissue. It presents in the third or fourth decades and more commonly affects blacks. 30-35% of all sarcoidosis patients may have ophthalmic involvement; 7-19% of these patients have systemic disease along with ocular symptoms but others could have isolated orbital disease with lacrimal gland involvement and very rarely extraocular muscle involvement (14, 15) . In these cases, incorrect diagnosis of Graves' orbitopathy may be made especially if concomitant thyroid function test abnormality is present. The unilateral or bilateral proptosis in sarcoidosis results from retro-orbital infiltration by sarcoid tissue. The imaging findings are non-specific and include enhancement of EOMs such as in Graves' disease, infiltrative mass identical to orbital pseudotumor or lymphoma and rarely thickening, nodularity of sclera (16, 17) . Involvement of other intracranial structures and presence of parenchymal, leptomeningeal, dural, or skull findings may be clue to diagnosis. Sarcoid granuloma in the thyroid is extremely rare, with a prevalence of 4% in autopsied patients with systemic sarcoidosis. Hypothyroidism may occur through extensive infiltration by epithelioid granulomas, which was the case in our patient (18) . Also a significantly higher prevalence of clinical hypothyroidism and Graves' disease has been observed in female patients with sarcoidosis than in control subjects. It is important to test thyroid function and thyroid antibodies in these patients (19) .
Systemic lupus erythematosus, which is a collagen vascular disease resulting in multisystem involvement and vasculitis may also cause Bilateral orbital involvement and specific myositis in few case reports (20) . Other symptoms like rash, photosensitivity, and arthritis may give a clue to diagnosis. This condition also usually responds to high-dose steroids and disease modifying antirheumatic drugs like hydroxychloroquine. Crohn's disease is another granulomatous inflammatory condition of the bowels causing orbital disease in about 13%. It may present as iritis, scleritis, optic neuritis, and retinal involvement. Bilateral involvement of orbital muscles in these patients has been reported. Again excellent response to steroids is seen. The pathogenesis is speculated to be immune complexes, which have affinity for EOMs (21) . Scleroderma is another chronic autoimmune condition causing thickening and fibrosis of skin that may also cause inflammation, fibrosis, and extraocular muscle restriction like Graves' (12).
primary or secondary Neoplasms
This is a reported cause in about 20-40% of cases with nonthyroid orbitopathy (12) . Our second patient had presented with progressively worsening unilateral proptosis. He did not have symptoms of hyperthyroidism on presentation and no prior history of the same. Thyroid antibodies were negative and he had radiologically confirmed unilateral disease. This along with the fact that he only had transient improvement in symptoms with steroids prompted us to look for alternative diagnoses. Indeed, a biopsy revealed lymphoma.
Orbital lymphoma can mimic TAO as it may originate from or infiltrate the EOMs (22) . Conjunctival disease is frequent and can be an isolated finding in 20% of cases. A diffuse infiltrative form may occur with intraconal, muscular, or perineural involvement. The involvement is rarely multifocal within the orbit (<5%). Bilateral involvement is seen in 25%, usually with higher grade lesions. The best diagnostic clue on imaging is a solid, homogeneously enhancing orbital tumor that molds to and encases orbital structures. Restricted diffusion within the lesion can be another useful imaging feature to lymphoma as a likely diagnosis. Lymphoma can be primary to the orbit or secondary to systemic disease. Secondary ocular involvement occurs in 2-5% of patients with advanced systemic non-Hodgkin's lymphoma (NHL). However, lymphomas are the most common primary orbital tumors accounting for 55% of malignant orbital tumors in adults 60 years and older. The majority of NHL of the orbit and orbital adnexa are extra nodal marginal-zone B-cell lymphomas of mucosa-associated lymphoid tissue (23) . Clinical manifestations of orbital lymphoma include painless proptosis and motility disturbances. Whole body staging is necessary after diagnosis and is most often done with FDG PET CT. Low-grade tumors respond well to radiation therapy while chemotherapy is necessary for high-grade or systemic disease (24) .
Other primary orbital tumors involving EOMs simulating TAO are rare. Benign tumors like hamartoma, primary granular cell orbital tumors, rhabdomyomas, and liposarcoma have been described (12, 25, 26) . Metastases from distant sites may occur with melanoma, breast cancer, gastrointestinal, and lung carcinoma. They can present as isolated or multiple masses within the EOMs, orbital fat, globe, or bony orbit. Majority of patients have a diagnosis of primary malignancy at presentation (27) . Patients may present with diplopia, visual disturbance, proptosis, and movement restriction. All muscles could be involved (28) . orbital pseudotumor or Non-specific orbital Inflammatory syndrome
This has been described as the most common differential of TAO occurring in about 40% of cases (12) . Our third patient presented with uniocular proptosis and diplopia, hypothyroidism, and right orbital edema with enlargement of inferior rectus muscle on MRI. His orbital biopsy showed mild inflammation only. He had good response to steroids but the swelling did not subside completely. One possibility is orbitopathy related to Hashimoto's thyroiditis. Most euthyroid and hypothyroid patients with orbitopathy are TRAb-positive and they are diagnosed as having euthyroid or hypothyroid Graves' disease. In our patient, TRAb was negative. Cases of orbitopathy have been reported in patients with Hashimoto's thyroiditis with TRAb negativity (6, 29) . In these patients, orbitopathy is likely related to the specific production of antibodies to orbital tissue other than TRAb. Alternatively, this patient could also have idiopathic orbital inflammatory syndrome if other secondary systemic disease or metastatic lesion is ruled out. Idiopathic orbital inflammatory syndrome is an orbital inflammatory process of unknown etiology and is diagnosed by excluding other possible causes of exophthalmos. It was first described by Birch-Hirshfeld to describe an orbital syndrome clinically resembling a neoplasm but surgical pathology showing only inflammation. Over a period of time, many difficult to diagnose systemic inflammatory diseases and lymphomas were falsely classified under this category. With better imaging and diagnostic modalities, this disorder now denotes non-specific benign orbital inflammation without evidence of specific local or systemic cause (29) . Good corticosteroid response is seen. It has varied clinical and radiologic presentation. It may present with inflammation and mass effect with symptoms and signs of pain, chemosis, proptosis, and motility restriction. Imaging usually shows a defined or poorly demarcated mass. It occurs in any age or sex group. Single muscle involvement is more common but involvement of bilateral muscles sparing the tendons very similar to Graves' has been noted too (30) . Biopsy is required to exclude other diseases. FNA is not helpful as inflammatory cells may be seen even with malignancy and not conclusive for this etiology. Histopathologic material is more informative. It is a self-limiting disorder most of the times. Based on the cellular, stromal, or vascular component, orbital pseudotumor is divided into histopathologic subclasses. These are sclerosing, granulomatous, vasculitic, and eosinophilic varieties. Therapy with steroids is advised during active phase as it rarely has a malignant course with extraocular muscle involvement and optic nerve damage. Steroid therapy classically results in rapid improvement, but cases unresponsive to steroids have been reported. In such cases, low-dose irradiation has been administered with varying success.
otHeR Less CoMMoN DIFFeReNtIaLs
Other conditions, which may resemble TAO are vascular malformations, infections and neuromuscular dysfunction. Some vascular disorders causing myopathy are carotid cavernous fistulas and congenital orbital vascular malformations. In these disorders, arteriovenous shunting into cavernous sinus causes retrograde flow along superior ophthalmic vein causing venous distension and tissue edema with enlargement of muscles. Also, decreased pressure within the microcirculation leads to low tissue perfusion, hypoxia, and ophthalmoplegia (31) . Orbital cellulitis from bacterial infections is more common, but uncommon infections like trichinosis, cysticercosis, and Lyme's disease have been described. Neuromuscular disorders like myasthenia gravis cause extraocular muscle weakness, but not enlargement. Chronic progressive external ophthalmoplegia is an extremely rare condition where extraocular muscle size is reduced on imaging (32).
IMaGING
Imaging is very important and may give clues to diagnosis in atypical cases. Observation of muscle shape, size, borders, pattern of involvement, surrounding soft tissues, and bone involvement can help in the differential diagnosis (33, 34) . In TAO, enlargement of EOMs and increase in retrobulbar fat volume is noted. The classical criteria is spindle-shaped enlargement of EOMs >4 mm without involvement of the tendon on both MRI and CT. Preferential muscle involvement, starting with rectus inferior followed by the medial rectus, the superior rectus, and finally the lateral is a specific finding, seen best on coronal views (33) .
MRI gives better soft-tissue differentiation. T2-weighted images detect edema, inflammation in EOMs, and also help rule out other orbital pathology like infiltrative process. Orbital myositis is the most common etiology mimicking graves. It may involve any extraocular muscle including the tendons, may show medial bowing of the muscle with infiltration of fat. Inflamed muscles show low intensity on T1-weighted images and increased intensity on T2-weighted images. Tumors also have low-signal intensity on T1 and moderate to marked increase on T2 (34) .
CT provides good imaging of orbital apex and optic nerve. In Graves' orbitopathy, CT shows fusiform enlargement of the extraocular muscle, smooth borders, and non-involvement of tendons. Orbital fat is normal. Myositis on CT is characterized by contrast enhancement and likely diffuse irregular enlargement of muscles involving tendons in most cases. Orbital fat may be involved suggestive of inflammation. Concomitant periorbital findings may point occasionally to systemic disease. Malignancy may show single nodular muscle enlargement in most cases with sharp borders and occasional bone change. AV malformations may show homogenous enlargement of multiple EOMs with sharply defined borders and distension of superior ophthalmic vein. Infection and orbital cellulitis may show blurred muscle margins, adjacent sinus infiltrate, and orbital fat infiltration (35) .
CoNCLusIoN
Graves' disease is the most common cause of orbitopathy. Hashimotos thyroiditis results in orbitopathy in a small percentage of patients. Alternate etiologies should be considered in the absence of hyperthyroidism and negative thyroid antibodies. Orbital imaging should always be performed. Other rare diagnoses like orbital pseudotumor, orbital lymphoma, orbital sarcoidosis, and orbital neoplasms should be evaluated for in the event of atypical clinical, biochemical, and imaging findings with Not All Orbitopathy Is Graves' Frontiers in Endocrinology | www.frontiersin.org
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an orbital biopsy. As vision loss can occur in some of these cases, accurate diagnosis, and treatment are imperative.
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